4 generated by ozone photolysis subsequently reacts with water vapor to form a pair of hydroxyl 73 radicals (OH), which initiate oxidation of the particles. The water vapor concentration is 74 maintained at a sufficiently high level to ensure that direct oxidation of organics by O( 1 D) is 75 negligible, as determined previously (5). Hexane (~100 ppb) added to the tube is monitored by 76 GC-FID to quantify OH concentration. This technique has been used to correctly predict rate 77 constants in the reaction of OH with other selected gas-phase organics (4,5); OH concentrations, 78 which are changed by varying O 3 , range from 10 9 to 2 × 10 11 molecule cm -3 . Such 79 concentrations correspond to approximate atmospheric exposures of 1 day to four weeks,
80
assuming an average ambient OH concentration of 3 × 10 6 molecule cm -3 . It should be 81 cautioned that these high OH concentrations may lead to significant secondary chemical effects,
82
which would make linear extrapolation to ambient levels highly uncertain. Examination of these 83 secondary effects by comparison of low-and high-concentration experiments at varying 84 residence times is therefore an important topic for future research.
85
Particles exiting the flow reactor are sampled into a scanning mobility particle sizer 86 (SMPS, TSI, Inc.), for the measurement of particle mobility diameters, and a high-resolution 87 time-of-flight aerosol mass spectrometer (HR-ToF-AMS, Aerodyne Research, Inc.), for the 88 measurement of particle composition (operating in "W-mode") and vacuum aerodynamic 89 diameter ("V-mode"). Particle mass is obtained from combined SMPS measurements and AMS 90 particle-time-of-flight (PToF) data, by multiplying average particle volume (from the SMPS) by 91 the effective particle density . Although this is strictly valid only for spherical 92 particles, minor variations in particle shape will result in only small errors in measured mass, less 93 than 10% (17).
5
Pure particles of levoglucosan and erythtritol did not change in composition or mass 95 when the UV lights were turned on but no ozone was added, verifying both that the parent 96 organic compounds studied are not directly photolyzed, and that UV-generation of condensed-97 phase oxidants is negligible. Significant gas-phase oxidation of the semivolatile compounds 98 studied here is also highly unlikely, due to their strong partitioning into the particle phase and the 99 short residence time in the flow reactor. Thus any changes to the mass or composition of the 100 particles result from heterogeneous oxidation of particulate species by gas-phase OH radicals.
101
The amount of starting compound (levoglucosan or erythritol) lost by reaction is 102 quantified by selecting a marker peak from the high-resolution mass spectrum and computing its 103 fractional contribution to total AMS mass: very well with offline techniques for quantifying levoglucosan (10).
112
The peak used to track the mass loss of erythritol is chosen to be C 4 H 8 O 3 + (m/z = 104),
113
which is formed by the neutral loss of H 2 O from the molecular ion (M-18). Likewise, the 114 selected marker peak for levoglucosan is C 6 H 8 O 4 + (m/z=144), also obtained by the loss of H 2 O.
6 which the AMS signal-to-noise ratio was suitably large. It is unlikely that any oxidation products 117 would contribute significantly to the selected peaks, since they are expected to be of lower mass
118
(aside from oligomerization products, which are not strongly represented in these AMS spectra)
119
and have fewer hydrogen atoms than the parent compound.
120
The effects of oxidation by OH exposure may vary widely, depending on the nature of 121 the organic compound being oxidized. It is therefore useful to introduce the mass loss ratio
122
(MLR), defined as the ratio of the change in particle mass to the change in mass of the reacting , one may write:
where  is the mass fraction remaining of either total aerosol or the reactive species. For our 127 purposes, we assume that factor used, the overall conclusions reached with respect to the oxidative mechanism described 147 below remain unchanged.
148

IV. Results
149
Sample mass spectra of erythritol and levoglucosan particles at both low and high OH primarily to the formation of volatile products (~75% yield), which escape into the gas phase.
164
Reported errors reflect uncertainty in the AMS peak calculation, SMPS mass, and fluctuations in 165 the atomizer flow and OH concentration within the reactor.
166
Heterogeneous oxidation kinetics can be described in terms of the effective uptake calculated from the determined second-order rate constant according to
where 0 D is the surface-weighted average particle diameter at the start of the experiment, normalized to its maximum value) with increasing oxidant exposure. As in Figure 1a , therefore confident that the selected ion peak serves as a useful metric for the formation of first-189 generation products.
190
The rate coefficient computed for the decay of erythritol is combined with a simplified by the growing CO 2 + signal (to a maximum of ~6% of the AMS organic signal), which suggests 208 the increased importance of carboxylic acid functional groups as well.
209
(ii.) Levoglucosan
210
The levoglucosan oxidation experiments were analyzed using the same approach as used 211 for erythritol, described above; results are presented in the right half of Figure 1 . Figure 1d 212 depicts the decay rates of both levoglucosan mass and total particle mass in a system initially -19) , and the most highly oxidized compounds are monitored by CO 2 + .
226
The selection of these three ion peaks follows the same process as described for erythritol in 11 Figure 1b . Again, the growth and subsequent decay of first-generation products, coupled with the 228 later rise in CO 2 + signal, presents evidence of significant multigenerational chemistry on 229 atmospherically relevant oxidation timescales. The effective uptake coefficient for product decay 230 is calculated to be 0.39 ± 0.05, a similar effect to the one observed in the erythritol oxidation 231 system, and fit traces for both levoglucosan and its products are indicated in Figure 1e as well.
232
Levoglucosan undergoes a drop in H/C similar to erythritol, as shown in Figure 1f , but 233 the larger rise in O/C suggests that oxidation reactions also involve the addition of new 234 functional groups, such as hydroxyl, carbonyl, and carboxylic acid groups (CO 2 + signal reaches
235
~8% of the total AMS organic signal), instead of solely the conversion of alcohols to carbonyls.
236
As oxidant exposure increases, the values of O/C of both systems begin to converge to an 237 apparent upper bound of ~1.1.
238
V. Discussion
(i.) Oxidative mechanisms & Structural effects
240
In marked contrast to the heterogeneous oxidation of reduced particulate organics (2,3,5), 
288
The chemical information supplied by a system's coordinates on a van Krevelen diagram 289 is sufficient to estimate the minimum number of carbon atoms that a compound must have to be 290 found predominantly in the particle phase at a given loading. These are determined by assuming will partition by at least one-half into the condensed phase (26).
296
The shaded regions in Figure 3a represent the minimum carbon number calculated over 
(iii.) Atmospheric Implications
306
Although Figure 3a is sufficient to describe the phase partitioning behavior of compounds 307 in the present experiments, the aerosol loadings studied are 1-3 orders of magnitude greater than 308 typical ambient loadings (1). We correct for this in Figure 3b , which adjusts the contours to 309 correspond to a loading of 10 µg m -3 . In this case, levoglucosan and its immediate oxidation 310 products are still expected to remain largely within the condensed phase during aging. The 311 erythritol system, however, moves rapidly into a region for which four carbon units is 312 insufficient to ensure that oxidation products will be present primarily in the particle phase. heterogeneous reactions may be more significant for compounds that are already more heavily 329 oxidized and have low molecular weights, which is consistent with our recent results (4).
330
Additional studies have shown that in aqueous droplets and environments with high relative 331 humidity, the lifetimes of both compounds are decreased to less than a day (10, 11, 12 ('x') reacting systems. The direction of oxidation is downward and to the right for each system. 
